In the present paper, thermomechanical vibration characteristics of functionally graded (FG) Reddy beams made of porous material subjected to various thermal loadings are investigated by utilizing a Navier solution method for the first time. Four types of thermal loadings, namely, uniform, linear, nonlinear, and sinusoidal temperature rises, through the thickness direction are considered. Thermomechanical material properties of FG beam are assumed to be temperature-dependent and supposed to vary through thickness direction of the constituents according to power-law distribution (P-FGM) which is modified to approximate the porous material properties with even and uneven distributions of porosities phases. The governing differential equations of motion are derived based on higher order shear deformation beam theory. Hamilton's principle is applied to obtain the governing differential equations of motion which are solved by employing an analytical technique called the Navier type solution method. Influences of several important parameters such as power-law exponents, porosity distributions, porosity volume fractions, thermal effects, and slenderness ratios on natural frequencies of the temperature-dependent FG beams with porosities are investigated and discussed in detail. It is concluded that these effects play significant role in the thermodynamic behavior of porous FG beams.
Introduction
Functionally graded materials (FGMs) are advanced types of composite materials with inhomogeneous micromechanical structure, where the concentration, shape, and orientation of constituent phases vary in one or more directions optimizing the performance. Typically, FGMs are composed of two different parts such as ceramics with excellent characteristics in heat and corrosive resistances and metal with good toughness. Functional grading of the material properties is often in one direction. However, grading can be implemented in several directions. These materials have been developed for general purpose structural components such as rocket engine components or turbine blades where the components are exposed to extreme temperatures. The FGMs were introduced by Japanese scientists in mid-1980s as aerospace application for the first time. FGMs possess various advantages in comparison with traditional composites, for example, multifunctionality, ability to control deformation, corrosion resistance, dynamic response, minimization or remove stress concentrations, smoothing the transition of thermal stress, and resistance to oxidation. Hence, FGMs have received wide engineering applications in modern industries including aerospace, nuclear energy, turbine components, rocket nozzles, and critical furnace parts [1] [2] [3] [4] . The advantages of using FGM structures in general engineering structures have been increasingly recognized in recent decades so it is important to understand behaviors of engineering structures made of FGM such as vibration, static, and dynamic behavior of the FG beams and plates often found in general engineering structures [5, 6] .
A large number of investigations, dealing with static, buckling, and dynamic characteristics of FGM structures, are reported in literature. Aydogdu and Taskin [7] discussed free vibration analysis of simply supported FG beams with powerlaw and exponential material graduation. They used different higher-order shear deformation and classical beam theory (CBT) for deriving the differential equations of motion and solved them by Navier type solution method. Şimşek [8] investigated the vibration analysis of FGM beams using classical, the first-order, and different higher-order shear deformation beam theories. Various boundary conditions were considered. Pradhan and Chakraverty [9] have presented free vibration FG beams characteristics using Euler and Timoshenko beam theories. Rayleigh-Ritz method was used to obtain frequencies in their analysis. Thai and Vo [2] studied bending and free vibration of simply supported FG beams using various higher-order shear deformation beam theories. The Navier type solution method was used to solve equations.
Due to huge application of beams in different fields such as civil, marine, and aerospace engineering and difference between the making temperatures and working temperatures of structures, for more efficient design, it is important to take into account the thermal effect when designing FGM structures. Xiang and Yang [10] exploited free and forced vibrations and three-layered laminated FG Timoshenko beams with variable thickness in thermal environment. The beam was subjected to one-dimensional steady heat conduction in the thickness direction. Then, the equations of motion were then solved by using differential quadrature method. Mahi et al. [11] investigated temperature-dependent free vibration analysis of functionally graded beams with general boundary conditions. The important influence of temperature change on the vibration response of the FG beams is also taken into account. Fallah and Aghdam [12] investigated thermomechanical buckling and nonlinear vibration of FG beams on elastic foundation. They presented analytical closed form solutions and concluded that dependency of the constituents plays an important role in the vibration response of the FGM beams. Zhang [13] studied thermal postbuckling and nonlinear vibration of FG beams with using high order shear deformation theory and considering of physical neutral surface. He also used Ritz method for approximate solution of FG beams.
With the rapid progression in technology of structure elements, structures with graded porosity can be introduced as one of the latest developments in FGMs. The structures consider pores into microstructures by taking the local density into account. Moreover, a great opportunity in a wide range of engineering applications comes into result. One of the perfect candidates for structures under dynamic or impact loading is porous FGMs which have excellent energyabsorbing [14] . Researches have their eyes on development in preparation methods of FGMs such as powder metallurgy, vapor deposition, self-propagation, centrifugal casting, and magnetic separation [15] [16] [17] [18] [19] . These methods have their own disadvantages such as high costs and complexity of the technique. One of the flexible and suitable ways to manufacture FGM is sintering process. During this process, due to big difference in solidification between the material constituents, however, porosities or micro voids through material can happen regularly [20] . A thorough research has been done on porosities occurring inside FGM samples manufactured by a multistep sequential infiltration technique [3] . Porosity maybe change the elastic and mechanical properties. Based on this information about porosities in FGMs, it is important to consider the porosity effect when designing FGM structures.
Studies on the vibration response of porous FG structures, especially for beams, are still limited in number.
For porous plates and shells, the linear and nonlinear dynamic stability of a circular porous plate have been investigated to determine the critical loads in two separate studies by Magnucka-Blandzi [21, 22] . In another study, they also presented the problem of axisymmetrical deflection and buckling of circular porous plates [23] . Moreover, the wave propagation of an infinite FG plate having porosities by using various simple higher-order shear deformation theories has been studied by Yahia et al. [24] . Yahia et al. have presented nonlinear free vibrations analysis of FG porous annular plates resting on elastic foundations [24] . They concluded that porosity volume fraction and type of porosity distribution have a significant influence on the geometrically nonlinear free vibration response of the FG annular plates at large amplitudes. Mechab et al. have developed a nonlocal elasticity model for free vibration of FG porous nanoplates resting on elastic foundations [25] . They utilized exponential shear deformation plate theory. On the other hand, the dynamic stability of a porous cylindrical shell under different loading has been examined by Belica and Magnucki [26] .
Wattanasakulpong and Ungbhakorn [27] investigated linear and nonlinear vibrations analyses of porous Euler FG beams with elastically restrained ends. Material properties of FG beam have been described by a modified rule of mixture. Ebrahimi and Mokhtari [28] studied transverse vibration analysis of rotating Timoshenko FG beams with porosities. DTM was presented to solve the equations of motion. It was concluded that porosity volume fractions play an important role in vibrations of porous FG beams. Moreover, Wattanasakulpong and Chaikittiratana [29] predicted flexural vibration of porous FG beams using Timoshenko beam theory. Chebyshev collection method was used for solving equations. They expressed the porosities yield reduction in the mass and strength of FG beams. Ebrahimi and Zia [30] investigated the large amplitude nonlinear vibration of porous FG Timoshenko beams. Galerkin and multiple scales methods were utilized to solve motion equations. Atmane et al. [31] used an efficient beam theory to study bending, free vibration, and buckling analysis of porous FG beams on elastic foundations. Literature search in the area of vibration analysis of FG porous beams indicated that there is no report considering the thermal environment effects on vibration characteristics of porous FG beams and the materials properties were assumed to be temperature independent. While one of the most important features of FGMs is thermal insulations, there is scientific need to be familiar with the thermomechanical behavior of FG porous structures subjected to thermal loading. Most recently, Ebrahimi et al. [32] studied the vibration of porous FG Euler beams subjected to thermal loading.
It should be noted that in, the abovementioned study, only one specific porosity distribution was considered and no detailed discussion concerning the effects of different porosity distributions on the thermomechanical vibration behavior of porous beams was given. Moreover, the sinusoidal temperature change is not considered. Also, they utilized EBT; it is well known that the EBT ignores the effect of shear deformation and rotary inertia of the thick beams. In other words, this theory is based on the assumption that plane sections of the cross section remain plane and perpendicular to the beam axis. The EBT is only suitable for vibration of thin beams; when a beam is moderately deep or made of highstrength composite materials with a high anisotropy ratio, the theory needs some modifications to include the effect of transverse shear. Literature search in the area of vibration analyses of FG porous beams indicates that there is no report considering the thermal environment effects on vibration characteristics of porous FG beams based on higher-order shear deformation beam theory. Since thermal-barrier system is one of the applications to metallic-ceramic FGMs with porosities due to the gradual and smooth transition of material properties, there is scientific need to understand the thermomechanical vibration behavior of FG porous Reddy beams structures subjected to various thermal loadings. Reddy's higher-order shear deformation beam theory (RBT) can be used based on the assumption of the higher-order variation of axial displacement through the beam thickness. By confirming zero transverse shear stress conditions on the top and bottom surfaces of the beam, this theory considers both the microstructural and shear deformation effects without the need for any shear correction factors. In fact, to avoid the use of a shear correction factor and to have a better prediction of response of FG beams, higher-order shear deformation theories have been proposed, so that higher-order theories are quite attractive in the analysis of FG beams and plates [33] . Notable among higher-order theories is the third-order theory of Reddy [2, 8, 34, 35] . This paper focuses on the thermomechanical performance of porous FG beams subjected to various thermal loading with two different porosity distributions. These types of porosity distributions, namely, even and uneven, through the thickness directions are considered. Higherorder shear deformation beam theory is employed to account for the effect of transverse shear deformation and rotatory inertia. Four types of thermal loading, namely, uniform, linear, nonlinear, and sinusoidal temperature rises, trough the thickness direction are considered. An analytical solution is obtained for porous FG beams with simple support at both ends based on the Navier type solution. The material properties are assumed temperature-dependent and vary continuously through the thickness direction according to modified power-law form. Equations of motion and boundary condition have been derived by Hamilton's principle. These equations are solved by using Navier type method. A detailed parametric study is carried out to highlight the influence of thermal effects, gradient indexes, porosity volume fractions, types of porosity distribution, and aspect ratios on vibration behavior of FG Reddy beams with porosities. Comparisons between analytical solutions and the results from existing literature are provided for two-constituent metal-ceramic beams and good agreement between the results of this paper and those available in literature validated the presented approach. New numerical results can also be useful as valuable sources for validating other approaches and approximate methods.
Some novelties of the present study are stated as follows:
(i) Two different porosity distributions, namely, even and uneven, through the thickness directions are considered and the effects of different porosity parameters on the thermomechanical vibration of porous beams are given.
(ii) Higher-order shear deformation beam theory is employed to account for the effect of transverse shear deformation and rotatory inertia.
(iii) Various types of thermal loading including uniform, linear, nonlinear, and sinusoidal temperature rises are considered where this is the first time that sinusoidal temperature change is applied in the analysis of FG porous structures.
Theory and Formulation

Power-Low Functionally Graded Beams with Porosities.
A uniform FG beam with porosities of length , width , and thickness ℎ is considered in this paper. As shown in Figure 1 (a) -axis is matched with neutral axis of the beam, the -axis in the width direction, and the -axis in the depth direction. The FG beam is made of porous materials with properties varying smoothly in the thickness direction. Top surface of FG beam ( = ℎ/2) is assumed to be pure ceramics (materials with good resistance to heat), whereas the bottom surface ( = −ℎ/2) is metal-rich (materials with good toughness property). Material properties of FG beams are supposed to vary through thickness direction of constitutes according to modified power-law distribution.
Effective material properties such as Young's modulus ( ), mass density ( ), and thermal expansions ( ) are assumed to vary continuously in the depth direction according to power-law. Poisson's ratio is assumed to be constant in the -axis direction. The effective material properties of FG beams with two kinds of porosity distributions which are distributed identically in two phases of ceramic and metal can be expressed by using the modified rule of mixture as [27] 
where is the volume fraction of porosities ( 71), for perfect FGM, is set to zero, and are the material properties of ceramic and metal, and V and V are the volume fraction of ceramic and metal, respectively; the compositions are represented in relation to
Then, the volume fraction of ceramic (V ) can be written as follows:
Here, is the distance from the mid-plane of the FGM beam and is the nonnegative variable parameter (0 ≤ , powerlaw exponent) which determines the material distribution through the thickness of the beams. According to this distribution, we have a fully metal beam for large values of and fully ceramic beam remains when equals zero. In this paper, imperfect FGM has been studied with two types of porosity distributions (even and uneven) across the beam thickness due to defect during fabrication.
For the even distribution of porosities (FGM-I), the effective material properties are obtained as follows:
where the subscripts of , denote the metal and ceramic constituents. For the second type, uneven distribution of porosities (defined as FGM-II), the effective material properties are replaced by the following form:
Here, it should be noted that the FGM-I has porosity phases with even distribution of volume fraction over the cross section, while the FGM-II has porosity phases spreading frequently nearby the middle zone of the cross section and the amount of porosity seems to be linearly decreased to zero at the top and bottom of the cross section. To predict the behavior of FGMs under high temperature more accurately, it is necessary to consider the temperature dependency on material properties. The nonlinear equation of thermoelastic material properties in function of temperature (K) can be expressed as [36] :
where 0 , −1 , 1 , 2 , and 3 are the temperature-dependent coefficients which can be seen in Table 1 materials properties for Si 3 N 4 and SUS304. The bottom surface ( = −ℎ/2) of FG porous beam is pure metal (SUS304), whereas the top surface ( = ℎ/2) is pure ceramics (Si 3 N 4 ). 
Kinematic Relations.
where
in which -, -, and -coordinates are taken along the length, width, and height of the beam, respectively. And is the axial displacement of mid-plane along -axis, is the transverse displacement along -axis, is the angle of rotational of cross section due to bending, and is the time. Then, the strains displacement relation of Reddy beam theory can be expressed as
and are normal and shear strain. The Euler-Lagrange equation is used to derive the equation of motion by using a Hamilton's principle, which can be stated as
where 1 and 2 are the initial and end time is the virtual variation of strain energy, is the virtual variation of work done by external loads, and is the virtual variation of kinetic energy. Here, strain energy, kinetic energy, and potential energy (external loading) can be calculated step by step and the equations of motion are obtained by using rules of calculus of variations and Hamilton's principle. The first variation of the virtual strain energy can be written in the form:
where is the variation symbol, is the cross section area of the uniform beam, is the axial stress, and is the shear stress, by substituting the expressions for and into (13) as
Then, the usual bending moment , axial force , shear force , and higher-order stress resultants and are defined as in the following and by replacing these resultants into (14) as following:
The kinetic energy expression for Timoshenko beam theory can be expressed as
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The first variation of the virtual kinetic energy can be written in the form:
) are the mass moments of inertias that can be written as follows:
Also, the first variation of potential energy can be written in the form:
where is defined as in the following:
in which ( , ) is the coefficient of thermal dilatation that is typically positive and very small. 
The formulation is limited to linear elastic material behavior. For a material that is linearly elastic and obeys the 1D Hooke's law, the relation between stress and strain is defined as
where ( ) is the shear modulus ( ( , ) = ( , )/2(1 + ])) and ( , ) is Young's modulus. By substituting (9) and (10) into (14) and integrating over the beam's cross section, bending moment, axial force, shear force, and higher-order stress resultants can be derived as in the following:
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And the last form of Euler-Lagrange equations for FG Reddy beam theory with porosities subjected to various types of thermal loading in terms of displacements , , and can be derived as
1 ( The following displacements functions are assumed to be formed:
in which ( , , ) are the unknown Fourier coefficients that will be calculated for each value of . Boundary conditions for a simply supported beam are as follows [37] :
Substituting ( (31)- (33)) into ( (27)- (29)), respectively, leads to ( (35)- (37)): 
Thermal Environment and Temperature Distributions
For a porous FG beam in thermal environment, temperature is assumed to vary along the thickness directions at four ways as follows.
Uniform Temperature Rise (UTR).
Consider a porous FG that is at initial temperature equal to 0 = 300 and beam is free of stresses at initial temperature and temperature of beam changes to final temperature with the difference of Δ as
Linear Temperature Rise (LTR).
Consider that the temperature of the top surface (ceramic-rich) of the porous FG beam is and varies linearly from to the bottom surface (metal-rich) temperature . Finally, the temperature rise as a function of thickness is given as [38] 
And Δ should be defined as
Nonlinear Temperature Rise (NLTR).
In this case, nonlinear temperature rise across the thickness is assumed. The steady-state one-dimensional heat conduction equation with the known temperature boundary conditions on bottom and top surfaces of the FG nanobeam can be obtained by solving the following equation [13] :
The solution of (43) subjected to the boundary conditions can be solved by the following equation:
where Δ = − .
Sinusoidal Temperature Rise (STR).
The temperature field when FG beam is exposed to sinusoidal temperature rise across the thickness can be defined as [39]
where Δ = − is temperature change.
Numerical Result and Discussions
Through this section, after validation of the proposed method of solution, the influence of different beam parameters such as porosity distribution, porosity volume fraction, powerlaw exponent, temperature changes, and slenderness on the natural frequencies of the porous FG beam under uniform, linear, nonlinear, and sinusoidal temperature rise across the thickness direction will be perceived. The functionally graded porous beam is a combination of steel (SUS304) and silicon nitride (Si 3 N 4 ) where its properties are given in Table 1 . It is assumed that the temperature increase in metal surface to reference temperature 0 of the FG beam is − 0 = 5 K [38] . The nondimensional natural frequencies ( ) can be calculated by relations in the following: 20) . By studying Table 2 , it is observed that the fundamental frequency parameters obtained in the present investigation are in good agreement with the results provided in these literatures and thus validate the proposed method of solution.
In the present section, results are extracted for various temperature changes, power-law indexes, porosity parameters with four temperature rises (UTR, LTR, NLTR, and STR), and two porosity distributions (even, uneven) to present an adequate sensitivity analysis.
As a first verification and investigation example, effects of porosity parameter, thermal loading, porosity distribution, and power-law exponents on the first nondimensional natural frequency of the porous FG simply supported beams are assessed. In Table 3 , the first dimensionless natural frequencies of the simply supported porous FG beams subjected to UTR, LTR, NLTR, and STR are presented for various values of the gradient index ( = 0.1, 0.2, 0.5, and 1), volume fraction of porosity ( = 0, 0.1, and 0.2), and three different values of temperature changes (Δ = 20, 40, and 80 K) for /ℎ = 20 based on analytical solution method. Two types of porosity distributions are considered (even and uneven), and temperature risings are inclusive uniform, linear, nonlinear and sinusoidal distributions. Present results are derived using Navier type solution method.
Results given in Table 3 show that increasing the powerlaw exponents leads to a decrease in the nondimensional frequencies. In fact, when = 0, beam is made fully from ceramics and has the greatest frequency. Increasing the power-law exponents from 0 to 5 changes the composition of the FG beam from a fully ceramic beam to a beam with a combination of ceramic and metal. So by increasing the metal percentage and having the smaller value of Young's modulus in metal with respect to ceramic, the stiffness of the system decreases. Thus, as also known from mechanical vibrations, natural frequencies decrease as the stiffness of a structure decreases. In addition, it is obvious from this table that increasing temperature change (UTR, LTR, NLTR, and STR) yields decreasing of natural frequencies, indicating that increasing of temperature changes yields decreasing of Young's modulus E and a rise in temperature increases this effect. It is concluded that four temperature rises have a significant effect on the fundamental FG porous beam. It is deduced that the nondimensional frequency of FG porous beams under sinusoidal temperature rise is higher than that under nonlinear temperature rise, and the frequency of the FG porous beam subjected to NLTR is higher than that of FG porous beam subjected to LTR, in which the frequency of the FG porous beam subjected to LTR is higher than that subjected to UTR. Also, the difference between nondimensional frequencies of different temperature rises (UTR, LTR, NLTR, and STR) becomes larger by increasing the temperature changes. The reason is that the rigidity of the FG beam for sinusoidal temperature rise is the greatest among the other cases of temperature rises. It is evident from the results of the table that when the power-law indexes are in the range of [0-1], the natural frequencies grow with the increase in the porosity parameters for every temperature rising and porosity distribution, because of internal pores growth rigidity of the FG beams, and this situation is more eminent for smaller power index parameter. Also, it is concluded that, for constant values of temperature changes, when the percentage of the metal is higher than ceramic (1 ≺ ), increasing volume fraction of porosity yields decrease in the nondimensional frequencies. However, this trend is opposite to increasing the temperature changes. Comparing the frequency values for FGM beams with even and uneven porosity distribution show that when the power index is in the range of [0-0.5], natural frequencies of the even porosity are higher than uneven ones. However, this behavior is opposite in the range of power-law index beyond 0.5. In addition, for a certain value of temperature change and gradient index, changes in the porosity parameter ( ) lead to more variations in frequencies of even distribution in comparison with uneven one. In other words, in FGM-I, the porosity has more significant impact on natural frequency of beam than that of FGM-II. Table 4 presents the effect of various temperature changes, porosity parameters, material graduations on the natural frequencies of the simply porous FG beams under uniform temperature rise with both porosity distributions. Here, again, it is seen that, by increasing the material powerlaw index, the nondimensional frequencies decrease. This is due to the increment in flexibility of the FG beams, since the percentage of metal phase increases when power index rises. Also, increasing the temperature changes yields decrease in the frequency parameters and it can be stated that these parameter have a notable effect on the fundamental frequency. By studying the result of Table 4 , it can be seen that the variations of frequencies depend on both temperature change and volume fraction index. For example, when 0 ≺ ≺ 1 (beams with more percentage of ceramic), increasing of volume fraction of porosity leads to increment of fundamental frequency for all of temperature changes and porosity distributions, while, at even distribution, the trend of fundamental frequency changes is different for 1 ≺ (beams with more percentage of metal). For example, increasing volume fraction of porosity yields decrease in the nondimensional frequencies. However, this trend is opposite to increasing the temperature changes. When the temperature changes increase, the fundamental frequency changes. It is evident that, at uneven distribution of porosity, increasing of porosity parameters yields increasing nondimensional frequencies for all of temperature changes and power-law indexes.
Variations of the first nondimensional natural frequencies of the simply supported FG porous beams subjected to uniform temperature rising for different values of porosity and gradient index parameters are plotted in Figure 2 . It is seen that the dimensionless frequencies of FG beam decrease with the increase of temperature change until they reach near zero (at the critical temperature point). This is due to the reduction in total stiffness of the beam, since geometrical stiffness decreases when temperature rises. One important observation within the range of temperature before the critical temperature is that the porous FG beams with higher value of porosity volume fraction usually provide larger values of the frequency results. However, this behavior is opposite in the range of temperature beyond the critical temperature. Also, it is seen that temperature change has a softening effect on FG beam at prebuckling region and a rise in temperature increases this effect. It is also observable that the branching point of the FG beam is postponed by consideration of the lower porosity parameter due to the fact that the lower porosity indexes result in the decrease of stiffness of the structure. In addition, it can be emphasizing that the buckling temperatures decrease depending on an increment in material property gradient index and porosity parameter.
In order to clearly understand the difference between different temperature risings, Figure 3 displays the variations of the first nondimensional natural frequencies of S-S FG porous beams subjected to four cases of thermal loading (UTR, LTR, NLTR, and STR) for different porosity volume fraction and constant power exponent and slenderness ratio ( /ℎ = 50, = 1). A comparison between these figures show that the difference of variant porosity volume fractions is more considerable under sinusoidal temperature rise. It can be found that critical temperature point of FG beams with respect to sinusoidal temperature rises is higher than the other temperature risings.
Comparisons of the first dimensionless natural frequencies of S-S FG (I) beam subjected to NLTR with change of porosity volume fraction and power exponent are presented in Figure 4 at constant slenderness ratio ( /ℎ = 20). Four types of temperature change are considered as 0, 20, 40, and 80. It is observed from the results of Figure 4 that the dimensionless natural frequencies of porous FG beam decrease with the increase of power indexes. When the power exponent is in the range of 0 to 2, the nondimensional frequencies reduce with high rate compared to those when the power exponent is in the range between 2 and 10. Also, the effect of temperature change is obvious, the nondimensional natural frequencies will be decreased by increasing of temperature change for all gradient indexes, and thus various temperature rises have a significant effect on the fundamental frequency of the porous FG beam. Also, it is concluded that porosity effect in even distributions depends on power indexes and temperature changes. For example, at constant value of temperature changes, by increasing the porosity parameters, the natural frequencies first increase; however, this behavior is opposite to a certain value of the power indexes. In other words, at a constant value of temperature changes from a certain value of power indexes, increasing of porosity leads to decreasing of nondimensional frequencies. behavior is dependent on temperature changes. By increasing of temperature changes, the certain value of the has gone up.
Comparisons of the first dimensionless natural frequencies of S-S FG (II) beam subjected to STR with change of porosity volume fraction and power exponent are presented in Figure 5 at constant slenderness ratio ( /ℎ = 20). From the results of Figure 5 , it is observed that increasing the porosity volume fraction yields increasing nondimensional frequency of FG beams with uneven porosity distribution for every power-law exponent and temperature change. The natural frequency parameter as a function of power law indexes for sinusoidal temperature rises and different porosity parameters are presented in Figure 6 (for FGM (I) subjected to STR with S-S boundary condition). Different porosity parameter has been considered as = 0, = 0.1, = 0.2. It is easily deduced that an increase in temperature change gives rise to decrease in the first dimensionless natural frequency for all gradient indexes.
Comparisons of the first nondimensional natural frequencies of S-S FG (I) beam subjected to both cases of thermal loading (UTR and STR) with change of porosity volume fractions and power exponents at constant slenderness ratio and temperature changes Δ = 40, /ℎ = 20 are presented in Figure 7 . It is concluded that frequency of the beam subjected to uniform temperature rise is less than that of the beam subjected to sinusoidal temperature rise, and the their differences will become larger when increasing the power exponents. By comparing diagrams with different porosity parameters, it can be found that increasing porosity parameter yields increasing of fundamental frequency.
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Conclusions
In this research, thermomechanical vibrational characteristic of the temperature-dependent FG porous beams subjected to various thermal loading with two porosity distributions is presented. The equations of motion are derived based on third-order shear deformation beam theory and simply boundary condition is considered. Material's properties are temperature-dependent and also vary in the thickness direction based on modified rule of mixture. The governing differential equations are derived within the framework of higher-order shear deformation beam theory and by using Hamilton's principle. The Navier-based analytical model is used to solve governing partial differential equations. According to the numerical results, it is revealed that the proposed modeling can provide accurate frequency results of the FG beams as compared to the other solution results and some cases in the literature. As a result, the characteristics of vibration for FGM porous beams are significantly influenced by temperature field, volume fraction of porosity, powerlaw indexes, and porosity distributions. The effects of the induced thermal environment, volume fraction of porosity, material property gradient index, and porosity distribution on fundamental frequencies of porous FG beams are investigated. Numerical results show the following:
(i) By increasing the gradient index value, the nondimensional frequencies are found to decrease.
(ii) Fundamental frequencies decrease by increasing the four temperature risings and all two porosity distributions.
(iii) The responses of the nondimensional frequencies in the FG porous beams according to geometric parameters, under sinusoidal temperature rise, are very similar to those under nonlinear, linear, and uniform temperature rise. However, the critical temperature gradient under sinusoidal temperature rise is higher than those under the other temperature rises.
(iv) The nondimensional frequency predicted by STR is always greater than those UTR, LTR, and NLTR and the uniform temperature rise has more significant effect on the nondimensional frequencies than the other temperature rises.
(v) For FGM-I, at a constant value of temperature change, increasing the volume fraction of porosity first yields the increase in fundamental frequencies; however, this trend is vice versa for upper values of gradient indexes. This behavior is dependent on power-law indexes and temperature changes. And for FGM-II, increasing the volume fraction of porosity yields the increase in fundamental frequencies for all values of gradient indexes and temperature changes.
(vi) In FGM-I, the porosity has more significant impact on natural frequencies of the beam in comparison with FGM-II.
It is concluded that various factors such as porosity parameter, porosity distribution, temperature rising, and power-law index have a notable effect on the nondimensional frequencies of FG beams with porosities, which emphasizes the importance of inspected porosity volume fraction effect in thermal environment. Therefore, the porosity and thermal effects should be considered in the analysis of vibration behavior of FG structures.
